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Examiner : 

ATTENTION BOX PCT 

PRELIMINARY AMENDMENT FILED CONCOMITANT 
WITH NATIONAL PHASE PCT APPLICATION 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

SIR: 

This application is a U.S. National Phase Application under 
35 USC 371 of International Application PCT/SE00/01998 (published 
in English) filed October 16, 2000. 

This is a PRELIMINARY AMENDMENT filed in the above- 
referenced national phase PCT application to amend claims in 
accordance with U.S. practice. 

Please amend the claims as follows (see attached for 
details) : 
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TN THE CLAIMS : 



1. (Amended) A method of manufacturing a rotor for a 
helical screw machine that includes a metal shaft and helical 
lobes mutually separated by intermediate grooves, said metal 
shaft having a barrel surface, comprising the steps of 

providing the shaft with a blind axially extending 
passageway; 

connecting the passageway with the barrel surface of the 
shaft by means of at least one outwardly extending channel such 
that said at least one channel is located generally in the middle 
of the mould when the shaft is inserted therein; 

inserting the rotor shaft into a mould that includes a 
barrel wall and two mutually spaced end-walls that include 
respective rotor shaft receiving openings, said openings 
embracing the rotor shaft at least in a generally sealing 
fashion; 

heating the mould and the shaft to the curing temperature of 
the polymer; 



pressing polymer forming materials into the axially 
extending passageway at an over pressure of at least one bar to 
deliver polymer-forming materials to the mould; 

maintaining the barrel wall of the mould at said curing 
temperature until the polymer has cured; and 

removing the rotor from the mould. 

2. (Amended) A method according to Claim 1, further 
comprising providing the rotor shaft with a radially extending 
channel for each lobe, each of said channels being provided are 
disposed symmetrically around the circumference of the shaft. 

3. (Amended) A method according to Claim 2, further 
comprising providing the channels offset relative to each other 
in the axial direction of the rotor shaft. 

4. (Amended) A method according to Claim 2, further 
comprising positioning the shaft in the mould such that an 
outwardly directed channel opens into each lobe. 
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5. (Amended) A method according to Claim 2, further 
comprising providing the rotor shaft with helical recesses that 
have the same helical form as the lobes and that each intersect a 
respective channel. 

6. (Amended) A method according to Claim 4, further 
comprising mixing the polymer forming material in the axially 
extending passageway. 

7. (Amended) A method according to Claim 1, further 
comprising placing a static mixer in the central passageway and 
feeding a polymer-forming component through the opening of the 
mixer, and feeding a further polymer-forming component through 
the other opening. 

8. (New) A method according to Claim 3, further comprising 
positioning the shaft in the mould such that an outwardly 
directed channel opens into each lobe. 

9. (New) A method according to Claim 3, further comprising 
providing the rotor shaft with helical recesses that have the 
same helical form as the lobes and that each intersect a 
respective channel. 



REMARKS 



Entry of this AMENDMENT and a favorable action on the merits 
are respectfully requested. 



Frishauf, Holtz, Goodman, 

Langer & Chick, P.C. 
767 Third Ave., 25th Floor 
New York, NY 10017-2023 
Tel. No. (212) 319-4900 
Fax No. : (212) 319-5101 
MJC/ld 




Enclosure: MARKED-UP VERSION OF AMENDED CLAIMS 
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MARKED -UP VERSION OF AMENDED CLAIMS 

1. (Amended) A method of manufacturing a rotor [(12,14)] 
for a helical screw machine that includes a metal shaft [(2,19)] 
and helical lobes [(9,15)] mutually separated by intermediate 
grooves [(13, 16)], said metal shaft having a barrel surface, 
comprising the steps of 

providing the shaft [(2,19)] with a blind axially extending 
passageway [(10)]; 

connecting the passageway [(10)] with the barrel surface of 
the shaft [(2,19)] by means of at least one outwardly extending 
channel [(11)] such that said at least one channel is located 
generally in the middle of the mould when the shaft is inserted 
therein ; 

inserting the rotor shaft [(2, 19)] [in] into a mould [(1)] 
that includes a barrel wall and two mutually spaced end-walls 
[(4, 5)] that include respective rotor shaft receiving openings 
[(6 and 7)], said openings [(4, 5)] embracing the rotor shaft 
[(2,19)] at least in a generally sealing fashion; 

heating the mould [(1)] and the shaft [(2, 19)] to the 
curing temperature of the polymer; 

[delivering] pressing polymer forming materials into the 
axially extending passageway at an over pressure of at least one 
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bar to deliver polymer-forming materials to the mould [(1)]; 

maintaining the barrel wall [(3)] of the mould [(1)] at said 
curing temperature until the polymer has cured; and 

removing the rotor from the mould [(1), 
characterised by the further steps of disposing the outwardly 
extending channel (11) on the shaft (2, 19) such that said 
channels will be located generally in the middle of the mould (1) 
when the shaft (2, 19) is inserted therein; and pressing the 
polymer into the axially extending passageway (10) at an 
overpressure of at least 1 bar] . 

2. (Amended) A method according to Claim 1, [characterised 
by] further comprising providing the rotor shaft [(2 19)] with a 
radially extending channel [(11)] for each lobe [(9,15)], 
[wherewith the] each of said channels b eing provided [channels 
(11)] are disposed symmetrically around the circumference of the 
shaft . 

3. (Amended) A method according to Claim 2, [characterised 
in that] further comprising providing the channels [(11) are] 
offset relative to each other in the axial direction of the rotor 
shaft [ (2, 19) ] . 



ii 



4. (Amended) A method according to Claim 2 [or 3], 
[characterised by] further comprising positioning the shaft [(2, 
19)] in the mould [(1)] such that an outwardly directed channel 
[(11)] opens into each lobe [(9,15)]. 

5. (Amended) A method according to Claim 2 [or 3], further 
comprising [characterised by] providing the rotor shaft [(2, 19)] 
with helical recesses [(20)] that have the same helical form as 
the lobes [(9, 15)] and that each intersect a respective channel 

[ (ID ] • 

6. (Amended) A method according to Claim 4, [characterised 
by] further comprising mixing the polvmer forming material in the 
axially extending passageway [(10)]. 

7. (Amended) A method according to Claim 1, [characterised 
by] further comprising placing a static mixer [(30)] in the 
central passageway [(10)] and feeding a polymer-forming component 
through the opening [(33)] of the mixer, and feeding a further 
polymer-forming component through the other opening [(34)]. 



iii 
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METHOD FOR PRODUCING POLYMER ROTOR S 

The present invention relates to a method of manufacturing a polymeric rotor that 
includes a metal shaft having anchored thereon a polymeric body with helical lobes 

5 mutually separated by intermediate grooves, for a helical screw machine, such as a 
helical screw compressor and helical screw expander. 

Rotors for helical screw machines include a metal shaft that has a rotor body 
affixed thereto. This rotor body has helical lobes mutually separated by grooves. Metal 
rotors are conventionally produced in one piece, whereas polymeric rotors have a metal 

10 shaft to which there is affixed a polymeric rotor body. The rotor body has at least two 
lobes, normally 4-7 lobes. A helical rotor machine will normally includes two mutually 
co-acting rotors, of which one rotor is a male rotor with typically relatively strong lobes, 
and the other rotor is a female rotor which normally has relatively weaker lobes. The 
rotor body surrounding the metal shaft is a coherent body in which the grooves 

15 separating the lobes have only a small material thickness, particularly in respect of a 
female rotor. 

DE-A1-39 03 067 teaches the manufacture of a rotor for helical screw machines. 
According to this publication, a metal shaft is placed vertically in an open top matrix, 
whereafter a liquid polymer is either delivered to the outside of the shaft or through a 

20 passageway in the centre of the shaft, wherein channels extend radially to the shaft 

periphery from the lower end of the passageway. These channels open into the matrix at 
the lower end of the cavity to be filled with the liquid polymeric material. It is stated in 
the publication that this latter alternative is to be preferred when casting female rotors, 
that is to say female rotor bodies, of small thickness in the grooves between the lobes of 

25 the rotor. These radially extending channels open into the lower part of the cavity that 
has the smallest outer diameter. 

When the polymer is delivered through the central passageway in the metal shaft 
in accordance with this publication, it is necessary that the polymer remains liquid in the 
lower part of the mould throughout the time taken to fill the mould completely. It is not 

30 until this has been achieved that conditions can be applied which cause the polymer to 
transform to a solid state in the lower part of the mould. 

It has been found that rotors produced in this way have a smaller diameter in the 
centre of the rotor than at the ends thereof. The contraction or shrinkage that results in 
this hourglass shape may be due to the solidification of the polymer at a lower 
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temperature at the ends of the rotor than at its centre. The higher temperature in the 
centre of the rotor results in more pronounced shrinkage. 

An object is to provide a method of manufacture that eliminates the drawbacks 
associated with the known method and therewith obtain rotors that do not have a waisted 
5 centre part in an axial direction. 

In accordance with the present invention, a polymeric rotor for a helical screw 
machine that includes a metal shaft and at least two helical lobes mutually separated by 
intermediate grooves is manufactured by providing the shaft with an axially extending 
blind passageway, connecting the axially extending passageway with the barrel surface 

10 of the shaft by means of at least one radially extending channel, inserting the metal shaft 
in a mould comprising two mutually spaced end walls that include mutually opposed 
central openings that receive the rotor shaft, said openings sealingly enclosing the metal 
shaft at least generally, heating the mould and the metal shaft to the polymer curing 
temperature, delivering polymer-forming materials to the mould, maintaining the mould 

1 5 and the metal shaft at said curing temperature until the polymer has been cured, and then 
removing the metal shaft with rotor from the mould. The inventive method is 
characterised in that the radial channel extending outwards from the passageway is 
arranged in a manner such that said channel will be situated generally in the middle of 
the mould when the shaft is inserted thereinto, and in that the polymer is pressed into the 

20 axially extending passageway at an overpressure of at least 1 bar. 

Preferred embodiments of the method will be apparent from the dependent Claims. 
The polymer material, release agent, and filler may be those described in the German 
reference or other materials known to the person skilled in this art. 

According to one preferred embodiment of the invention, the metal shaft includes 

25 helical recesses or grooves that are filled with polymeric material and that form a sunken 
part of the outwardly lying lobe. The recesses or grooves will preferably have a parallel 
trapezium cross-section, with the shorter of the parallel sides located nearest the shaft 
periphery and extending perpendicularly to the shaft radius. The corners at the transition 
from the non-parallel sides to the shaft periphery are rounded, to reduce the fracture 

30 tendency of the polymeric material. 

The helical grooves may extend along the full length of the lobe or solely along a 
part thereof. Similarly, the helical grooves may be two or more along part-grooves 
disposed along the same helical line. In this latter case, it is preferred that an outwardly 
directed channel opens into each part-groove. 
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According to the invention, the term metal alloys includes, for instance, steel and 
brass, wherewith steel is particularly preferred. The polymeric material may be 
polyurethane containing inorganic filler, for instance silicate-containing fibres. 

The invention will now be described by way of example and with reference to the 
5 accompanying drawing, in which 

Figure 1 is a schematic longitudinal section view of a mould according to the 
invention and shows a metal shaft inserted in the mould; 

Figure 2 is a sectional view of the metal shaft, taken on the line II-II in Figure 1 ; 
Figure 3 is a sectional view of a first form of a known rotor end profile, taken on 
l o the line III-III in Figure 1 ; 

Figure 4 is a sectional view of a second embodiment of a rotor end profile, taken 
on the line III-III in Figure 1 ; and 

Figure 5 is a schematic vertical sectional view of a static mixer. 
Figure 1 shows a mould 1 in which a metal shaft, preferably a steel shaft 2, is 
1 5 inserted. The barrel wall 3 of the mould 1 has a cylindrical outer surface and internally 
the outer contour of a helical rotor, which in the illustrated case includes five lobes and 
an equal number of intermediate grooves, as shown in Figure 3. The mould 1 includes an 
upper circular end-wall 4 and a lower circular end-wall 5. Each of the end-walls 4, 5 is 
provided with a respective central, shaft-receiving opening 6 and 7. The openings 6, 7 
20 embrace the rotor shaft 2, such as to at least generally seal against said shaft. The mould 
1 includes in the upper part of the barrel wall 3 an air vent 8 for each rotor lobe 9, as will 
be seen from Figure 3. These air vents 8 may also be disposed as grooves in the upper 
end- wall 4. 

The rotor shaft 2 has at its lower end a central, axially extending passageway 10 
25 that extends more than half way into the shaft 2. As will be seen from Figure 1 , those 

end-parts of the shaft 2 that are located outside the end-walls 4, 5 are of equal lengths. If 
the shaft 2 is placed asymmetrically in the mould 1, the length of the axial passageway 
10 will extend beyond the centre of the mould 1 surrounding the shaft. 

At least one radial channel 1 1 extends to the periphery of the shaft 2 from the 
30 passageway 1 0. The number of radial channels 1 1 extending from the axial passageway 
10 to the periphery of the shaft will preferably equal the number of lobes 9 to be 
provided on the rotor. These radial channels 1 1 are preferably offset relative to each 
other in the axial direction of the shaft, so as to reduce or minimise weakening of the 
shaft in the region of said channels 1 1 . 
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Figure 2 shows the shaft 2 and one such radial channel 1 1 and two further channels 
1 1 ' and 11" shown in broken lines, these further channels being located beneath the 
surface of the section. Although not shown, the shaft includes a further two radial 
channels 1 1 above the section surface. 
5 Figure 3 illustrates an end section of a male rotor 12 that has five lobes 9. These 

lobes 9 are mutually separated by grooves 13. It will be apparent from this Figure that 
the mould has five air vents 8 in its upper part. 

Figure 4 is an end section of a female rotor 14 that has six lobes 1 5 and six 
intermediate grooves 16, said rotor being inserted in a mould 17. The rotor is formed in 

1 0 accordance with the invention. The rotor body 14 is disposed on a steel shaft 1 9 and has 
the form of six individual and mutually separated lobes 15. It will be seen from the 
Figure that the bottoms of respective grooves 16 between the lobes 15 are formed by the 
steel shaft 19. The lobes 15 are thus not mutually connected by polymeric material as in 
the case of the lobes 9 of the male rotor shown in Figure 3. The mould includes six air 

15 vents 18. The rotors produced in accordance with Figures 3 and 4 are not intended to 
interact with each other. 

As will be seen from Figure 4, the shaft 19 includes recesses 20 that are 
trapezoidal in cross-section, wherewith the longer of the mutually parallel surfaces face 
towards the centre point of the shaft 19. The non-parallel surfaces have rounded corners 

20 at the shaft periphery. These trapezoidal recesses 20 widen in the same helical shape as 
the outwardly lying lobe 15. In one preferred embodiment of the invention, each radial 
channel 1 1 (Figure 2) opens into one such recess 20. The recesses 20 widen from the 
radial channel 1 1 over a longer or shorter distance. In the case of the embodiment shown 
in Figure 4, the recess 20 has the same length as the lobe 1 5. These recesses 20 are 

25 effective in the affixment of the polymer in the shaft 19. The rounded corners at the 

periphery of the shaft 19 reduce the risk of crack formation and lengthen the useful life 
of the rotor. 

Figure 5 is a schematic vertical sectional view of a static mixer 30 for use in 
moulding inventive polymeric rotors. The mixer 30 includes a first conduit 3 1 that has 
30 two inlet openings 33, 34 at respective ends thereof. A third opening 35 that connects 
with one end of a second conduit 32 is provided in the conduit wall between said 
openings 33, 34. This second conduit includes a number of mixing elements 36, which 
may be helically shaped. The elements 36 are arranged to prevent material passing 
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axially through the second conduit 32 without mixing. Such static mixers are known to 
the art. 

According to the invention, a liquid or solid polymeric material, e.g. polyurethane, 
preferably containing filler, is delivered to the axially extending, central passageway 1 0 
5 at a temperature of about 30°C and at an overpressure of at least about 1 bar and at most 
about 15 bar. The preferred pressure lies about midway of this pressure range. The 
mould 1 and the shaft 2 have been heated to a temperature of about 90 °C. A release 
agent may have been applied to the inner surface of the mould 1 prior to delivering the 
polymeric material. The barrel 3 of the mould is also heated electrically so as to maintain 
10 a temperature of about 90°C, this being done conventionally. The shaft 2 and the end- 
walls 4, 5 of the mould have a high thermal capacity and are therefore not heated. The 
polymeric material delivered to the axially extending passageway 10 leaves said 
passageway through the radially disposed channels 1 1 . 

The material exiting from the radial channels 11 first flows down in the upstanding 
15 mould 1 and thereafter rises in the mould cavity until the mould has been filled. Because 
the material delivered has a much lower temperature than the shaft 2 and the mould 1 , 
the material will take up heat as it is delivered, while cooling the shaft 2 and the non- 
heated end surfaces. Because the material is delivered centrally in the mould 1, the 
material will be located where the lowest temperature prevails at the beginning of the 
20 solidification process. The fact that the material is delivered under a relatively high 

overpressure in precisely the centre of the mould 1, shrinkage of the polymer, normally 
occurring in the centre, is compensated for so that the rotor will not have a smaller 
diameter in the midway zone of the rotor than the diameter of the ends of the rotor. 

According to a second embodiment of the invention, a static mixer 30 is placed in 
25 the central passageway 1 0. The length of the second conduit 32 of the static mixer is 
such that when the mixer is inserted it will only reach as far as the radially extending 
channels that lie nearest the orifice of the central passageway. This enables two 
components that together form the polymer after being cured to be delivered through a 
respective opening 33, 34 of the static mixer 30, said components passing through the 
30 opening 35 and into the second conduit 32 of the mixer. The components are mixed in 
the second conduit with the aid of the mixing elements 36, which induce lateral 
movement of the material. 
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CLAIMS 



1 . A method of manufacturing a rotor ( 1 2, 1 4) for a helical screw machine that 
includes a metal shaft (2, 19) and helical lobes (9, 15) mutually separated by 

5 intermediate grooves (13, 16), comprising the steps of 

- providing the shaft (2, 1 9) with a blind axially extending passageway (10); 

- connecting the passageway (10) with the barrel surface of the shaft (2, 19) by means 
of at least one channel (11); 

- inserting the rotor shaft (2, 19) in a mould (1) that includes two mutually spaced end- 
10 walls (4, 5) that include respective rotor shaft receiving openings (6 and 7), said 

openings (4, 5) embracing the rotor shaft (2, 19) at least in a generally sealing 
fashion; 

- heating the mould ( 1 ) and the shaft (2, 1 9) to the curing temperature of the polymer; 

- delivering polymer-forming materials to the mould (1 ); 

1 5 - maintaining the barrel wall (3) of the mould ( 1 ) at said curing temperature until the 
polymer has cured; and 

- removing the rotor from the mould (1 ), 

characterised by the further steps of disposing the outwardly extending channel (1 1) on 
the shaft (2, 19) such that said channels will be located generally in the middle of the 
20 mould (1 ) when the shaft (2, 1 9) is inserted therein; and pressing the polymer into the 
axially extending passageway (10) at an overpressure of at least 1 bar. 

2. A method according to Claim 1, characterised by providing the rotor shaft (2, 19) 
with a radially extending channel (1 1) for each lobe (9, 15), wherewith the channels (11) 

25 are disposed symmetrically around the circumference of the shaft. 

3. A method according to Claim 2, characterised in that the channels (1 1 ) are offset 
relative to each other in the axial direction of the rotor shaft (2, 19). 

30 4. A method according to Claim 2 or 3, characterised by positioning the shaft (2, 
19) in the mould (1) such that an outwardly directed channel (11) opens into each lobe 
(9, 15). 
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5. A method according to Claim 2 or 3, characterised by providing the rotor shaft 
(2, 19) with helical recesses (20) that have the same helical form as the lobes (9, 15) and 
that each intersect a respective channel (1 1). 

5 6. A method according to Claim 4, characterised by mixing the material in the 
axially extending passageway (10). 

7. A method according to Claim 1, characterised by placing a static mixer (30) in 
the central passageway (10) and feeding a polymer-forming component through the 
l o opening (33) of the mixer, and feeding a further polymer-forming component through 
the other opening (34). 
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